ABSTRACT
INTRODUCTION
Peanut (Arachis hypogaea L.) is an important oilseed crop for vegetable oil production (Arioglu, 2014) . The annual peanut production in the world is around 45 million tones (Anonymous, 2015) . About two-thirds of total peanut production is crushed for oil and the remaining one-third is used in confectionery products in the world (Dwivedi et al.1993) .
Peanut seeds contain 35-56% oil and 25-30% protein and 9.5-19.0% carbohydrate on a dry seed basis. In addition, they are a good source of mineral (P, Ca, Mg and K) and vitamins (E, K and B group) . For this reason, it is an important source of edible oil and protein for human nutrition. Peanuts are also a cheap source of protein, a good source of essential vitamins and minerals, and a component of many food products (Gulluoglu, 2011 , Ingale and Shrivastava 2011 , Arioglu et al. 2013 and Chowdhury et al. 2015 . Ishag (2000) , Jordan et al. (2008) and Kaba et al. (2014) reported that peanut has indeterminate growth habit. For this reason, flowering and pod formation continue long time during the growing period. The peanut plants produced many flowers (18-142 flowers per plant) but, only 15-20% of flowers produced mature pods (Lim and Hamdan, 1984) . Young et al. (1982) reported that total pod production continually increased with growth period, but that harvested yield reached a peak and then declined due to increased field losses at delayed the harvesting date. Peanut plants produce their pods under the soil. For this reason, it is difficult to determine maximum maturity of pods using only morphological features. Peanut pod mesocarp colors change with maturation from white (most immature) to yellow, orange, brown and black (most mature). Pattee et al. (1980) reported that "Shellout (fruit shelled)" method is based on color changes in the mesocarp and has been shown to be the most consistent indicator of maturity and yield (Arioglu, 2014) . Young et al. (1982) pointed out that typical digging losses have been estimated to be 8% of the total yield but can reach 40% at dates beyond optimal maturity. Therefore, correctly assessing peanut maturity prior to digging is essential to the economic viability of peanut production. Court et al. (1984) found that delayed digging increased yield, sound mature kernels, shelling percentage, and oil content. The later digging dates produced seeds with a higher proportion of oleic acid. Sattayarak (1997) pointed out that harvesting dates exhibited certain effects on yield, 100 seed weight, shelling percentage, oil and protein contents in peanut. Knauft et al. (1986) reported that shelling percentage, 100-seed weight and pod yield increased when harvesting was delayed, but oil content was decreased. Canavar and Kaynak (2013) reported that, pod number and pod yield per plant, 100 seed weight, shelling percentage, pod yield, oil content protein content, O/L ratios were increased by delaying the harvesting time. Lu et al. (1997) reported that the lowest pod and seed yield, oil and protein content were found in the earliest harvested peanuts. Wright and Porter (1991) and Kaba et al. (2014) indicated that harvesting peanut too early reduced yield by 15% and economic value by 21%. Therefore, it is very important to harvest the peanut plant at an appropriate time in order to reduce yield losses. Andersen and Gorbet (2002) and Chowdhury et al. (2015) reported that the nutritional and storage qualities of peanut are determined by its fatty acids composition. The amount of saturated and unsaturated fatty acids in peanut oil varies from 10.92% to 17.47% and from 81.13% to 94.81%, respectively. The major fatty acids components are oleic acid, linoleic acid and palmitic acid in peanut oil. Peanut oil is rich in oleic and linoleic acids. Oleic acid content in peanut genotypes can vary from 21% to 85% and linoleic acid from 2% to 43%. Young and Worthington (1974) , Dwivedi et al. (1996) and Isleib et al. (2008) reported that fatty acid composition of peanut seed oil is influenced by varietal and seasonal variation, genotypic variation, air and soil temperature, planting date, soil nutrient, growing conditions and maturity. Young et al. (1972) grew eight different peanut cultivars in Oklahoma for one year to assess effects of digging date on oil quality. Digging delays tended to give peanut oil with higher stearic and oleic acid and less linoleic acid. This relationship gave higher O/L ratios in later diggings, indicating that the oil from these diggings would be more stable. Knauft et al. (1988) pointed out that early digging of peanuts can be beneficial production practice when disease pressure is sever. Digging delays tended to give peanut oil with higher stearic and oleic acid and less linoleic acid. This relationship gave higher O/L ratios in later diggings, indicating that the oil from these diggings would be more stable. Andersen and Gorbet (2002) reported that, seed maturity can also influence the fatty acid composition of peanut. In general, oleic acid increases and linoleic acid decrease with seed maturity. The increase in oleic acid with seed maturity is normally accompanied by a decrease in palmitic and linoleic acid. Bovi (1982) Raheja et al. (1987) and Önemli (2012) reported that there was a negative correlation between oleic acid and linoleic acid.
The objective of the study is to investigate the effect of harvesting times on various traits of peanut grown in Mediterranean Region of Turkey. The texture of the soil was clay loam. The soil tests in both years indicated a pH of 7.7 with high concentrations of K2O and low concentrations of P2O5. In addition, the organic matter and nitrogen content of the soil were very low. The lime content was 22.3% in the upper layers with increased levels in lower layers.
MATERIALS AND METHODS

Materials
In the Adana province (Mediterranean Region) of Turkey, winters are mild and rainy, whereas summers are dry and warm, which is a typical of a Mediterranean climate. The average monthly air temperature during the research period (April-October) was 18. growing seasons in Adana, Turkey (Anonymous, 2014 
Method
The experiment was designed at Randomized Complete Block replicated three times. The experimental site was cultivated deeply by the moldboard following the harvest of the previous crop in the autumn and then the soil was prepared by using disked-harrowed the day of planting in both years. Before planting, 250 kg ha -1 of DAP (45 kg ha -1 N, 115 kg ha -1 P2O5) fertilizers were applied in both years. Amonium nitrate (33%N) at the rates of 200 kg ha -1 was applied two times; before first and second irrigation. Plots consisted of 4 rows 5.0 m long and 70 cm apart. The seeds were planted by hand in the first week of April (5 th of April) in each year of the study, with 70 x 15 cm distance. During the growing period, recommended pesticides and fungicides were applied to control insects and diseases. During the growing period, other standard cultural practices were applied at proper time intervals with according to recommendations of regional agricultural experiment station.
The plants were harvested by hand at six different times with one week intervals at the beginning of September (Table 2) . 
Measurement of Characteristics
Per plant data were measured from the 20 plants that were randomly selected from the central rows of each plot and then harvested by hand. Average pod number (no. plant -1 ) and pod weight (g plant -1
) were calculated as the quotient of their respective values and the number of sampled plants (n=20). Per plot yield data were measured in a similar manner from all remaining plants excluding the very end on each side of the two central rows. Pod yield per hectare, selling percentage, 100-seed weight (g), protein and oil content (%), fatty acids content (%), Iodine value and O/L ratio data were obtained after harvest.
Determination of oil percentage: Oil was extracted from peanut seeds using (Soxhlet), and oil percentage was estimated according to Association of Official Analytical chemists (AOCS, 1989) . Injection, detector, and oven temperatures were 250, 260, and 190°C, respectively. Nitrogen was used as a carrier gas at a flow rate of 1.0 mL min -1 . Individual peaks were identified by comparing the retention times with grain fatty acid methyl esters.
Iodine values (IV) of the peanut oils were calculated using the equation given by Hashim et al. (1993) . IV= (%C18:1 x 0.8601)+(%C18:2 x 1.7321).
Determination of Maturity index (%): It was determined using "Shellout" method based on color changes in the mesocarp of peanut pods. The maturity index (the percentage of brown and black pods) was calculated by brown and black mesocarp color Pod number / Total pods number (Arioglu, 2014) .
The data were statistically analyzed by using JUMP 8.1.0 package program with Randomized Complete Block Design. The Least Significant Differences (LSD) test was used to compare the treatments at 0.05 level.
RESULTS AND DISCUSSSION
Pod yield and Pod number per plant
The data belonging to pod yield and pod number per plant at different harvesting times in main cropped peanut production has been presented in Table 3 . As it can be seen from Table 3 , statistically significant differences were found among the harvest times for pod yield and pod number plant -1 in each two-year. The pod yield plant -1 values varied between 62.35-87.58 g, 65.57-80.90 g and 63.96-84.24 g in 2014, 2015 and two-years average, respectively. The pod yield was increased when the harvesting time was delayed to 180 DAP. The pod yield was highest when the plants were harvested 180 DAP and after that, the pod yield started to decrease in each two-years. As the harvesting date was delayed, pod yield plant -1 increased from 63.57 g to 84.24 g at the 180 DAP and the pod yield decreased to 78.08 g at the 188 DAP in a two-year average (Table 3 ).
The number of pods plant -1 varied between 29.40-36.90 pods in 2014 and 30.38-36.71 pods in 2013. The pod number was increased when the harvesting time delayed from 148 DAP to 180 DAP and after that, pod number was decreased when the harvesting time delayed to 188 DAP in each two years. While the pods number plant -1 was 29.89 pods when the plants harvested at the 148 DAP, it was increased to 36.83 pods plants harvested at the 180 DAP and then, the number of pods plant -1 was decreased to 34.60 pods when the harvesting time was delayed to 188 DAP in a two-year average (Table 3 ).
According to Arioglu (2014) , when the harvest is done at an early time, the pod yield can be low, since the peanut pod is not fully filled. However, when the harvest is delayed, the peanut pod can remain in the soil because of decay in the pegs of the peanut and therefore, the pod yield and pod number of peanut is decreased with an increased loss of harvest. Young et al. (1982) reported that total pod production continually increased with growth period, but that harvested yield reached a peak and then decline due to increased field losses at the longer period. Delay in harvesting after physiological maturity can result in many pods left in the soil due to weakening of pegs. Similar results were reported by other researchers (Court et al. 1984; Knauft et al. 1986; Park and Oh, 1992; Lu et al. 1997; Rahmianna et al. 2009; Canavar and Kaynak, 2013 and Kaba et al. 2014) .
Shelling percentage and 100-Seed weight
The data belonging to shelling percentage and 100-seed weight at different harvesting times in main cropped peanut production has been presented in Table 4 . The differences between the harvesting times were statistically significant for the shelling percentage in both years and in a two-year average. The shelling percentage values varied between 62. 92-66.43% in 2014, 64.78-67.70% in 2015 and 63.85-67 .07% in a two-year average. The shelling percentage was higher in 2014 than in 2013. The shelling percentage increased when the harvesting time was delayed in peanut production. The shelling percentage reaches to maximum level at the physiological maturity of pods. Shelling percentages were higher at each subsequent harvesting date. Overall the shelling percentage increased from 63.85% for the first harvesting date (148 DAP) to 67.07% for the sixth harvesting date (188 DAP) in two years average. Court et al. (1984) , Mixon and Branch (1985) , Sattayarak (1997) , Knauft et al. (1986) and Canavar and Kaynak (2013) reported that shelling percentage increased when harvesting was delayed.
There was statistically significant difference in 100-seed weights between harvesting times in both years and two years average. The 100-seed weight values varied between 111.08-127.19 g in 2013, between 113.96-129.89 g in 2014 and between 112.52-128.54 g in a two-year average (Table 4) . By delaying harvesting time, the 100-seed weight was significantly increased in both years. The 100-seed weight was increased to 14.2% when the harvesting time was delayed from 148 DAP to 188 DAP and the highest 100-seed weight increase (8.14 g) was found between the first and second harvesting times in a two-year average. Peanut harvest at physiological maturity period gave better result than that earlier harvesting time for 100-seed weight. Duncan et al. (1978) suggested that the length of the pod filling period correlated with the 100-seed weight. The 100-seed weight was increased when the pod filling period extended in peanut production. Rahmianna et al. (2009) found that age of harvests significantly affected weights of pods, well filled seeds, and shriveled seeds. Therefore, it is very important to harvest the peanut plant at an appropriate time (mesocarp's color of pod is brown or black) in order to get higher 100-seed weight. There was no significant difference between the years in 100-seed weight. These results are in agreement with the findings of Mixon and Branch (1985) , Knauft et al. (1986) , Park and Oh (1992) , Sattayarak (1997) , Rahmianna et al. (2009) and Canavar and Kaynak (2013) . These researchers reported that 100-seed weight increased when the harvesting time was delayed.
Maturity Index and Pod Yield per Hectare
The data belonging to maturity index and pod yield per hectare at different harvesting times in main cropped peanut production has been presented in Table 5 . Maturity index (%) was determined using "Shellout" method based on color changes in the mesocarp of peanut pods. The maturity index (the percentage of brown and black pods) was calculated by brown and black mesocarp color pod number to total pods number ratio in plant -1 (Arioglu, 2014) . Maturity index is an important character for the determination of optimum harvesting time (maturity) to reduce digging losses in peanut production. Therefore, correctly assessing peanut maturity prior to digging is essential to the economic viability of peanut production (Rowland et al. 2006) .
Peanut plants produce their pods under the soil. For this reason, it is difficult to determine maximum maturity of pods using only morphological features. Peanut pod mesocarp colors change with maturation from white (most immature) to yellow, orange, brown and black (most mature). Sanders et al. (1980) and Pattee et al. (1980) reported that "Shellout (fruit shelled)" method is based on color changes in the mesocarp and has been shown to be the most consistent indicator of maturity and yield. Ishag (2000) , Kaba et al. (2014) and Young et al. (1982) reported that peanut has indeterminate growth habit and flowering and pod formation continue long time during the growing period. For this reason, total pod production continually increased with growth period.
It can be seen in Table 5 , the differences between the harvesting times were significant for maturity index in both years and in a two year average. The maturity index values varied between 45.50-64. 00%, 46.27-64.73% and 45.88-64.37% in 2013, 2014 and two years average respectively. The maturity index was significantly increased when the harvesting time was delayed from 148 DAP to 188 DAP in both years. According to a two-year average, the maturity index was increased from 45.88% to 64.37% when the harvesting time was delayed from 148 DAP to 188 DAP. Maturity index is an important character for the determination of optimum harvesting time (maturity) to reduce digging losses in peanut production.
Therefore, correctly assessing peanut maturity prior to digging is essential to the economic viability of peanut production (Rowland et al. 2006) . Jordan et al. (2008) indicated that digging peanut based on pod mesocarp color continues to be effective in optimizing market grade characteristics. The yield losses increase if harvesting time is delayed after maximum pod maturity. Similar results were reported by other researchers (Court et al. 1984; Knauft et al. 1986; Rowland et al. 2006; Canavar and Kaynak, 2013 and Kaba et al. 2014 ).
There was statistically significant difference in pod yield per hectare between harvesting times in both years and two years average. The pod yield values varied between 5923.5-8320.1 kg ha -1 in 2013, between 6293.4-7685.2 kg ha -1 in 2014 and between 6108.5-8002.6 kg ha -1 in a two-year average (Table 5 ). The pod yield was increased when the harvesting time was delayed in both years. While the pod yield was 6108.5 kg ha -1 when the plants harvested at 148 DAP, the pod yield increased to 8002.6 kg ha -1 plants harvested at 180 DAP, and then the pod yield decreased to 7417.6 kg ha -1 when the harvesting time was delayed to 188 DAP in a two-year average. Early harvest (148 DAP) produced the lowest pod number. The highest pod yield was obtained from peanut harvested at 180 DAP. According to a two-year average, the pod yield was increased 31.0% when the harvesting time delayed from 148 DAP to 180 DAP. The most suitable harvesting dates for Halisbey variety were 172-180 DAP in main cropped growing season (Table 5 ).
The pod number was increased when the harvesting time delayed from 148 DAP to 180 DAP and after that, pod number was decreased when the harvesting time was delayed to 188 DAP in each two years (Table 3 ). The pod yield was increased when the pod number plant -1 increased. Park and Oh (1992) found that the yield was positively correlated to pod number, matured seed percent and 100 seed weight. Duncan et al. (1978) suggested that the length of the pod filling period and the rate of pod establishment is the best explain the variation in peanut yield. Rahmianna et al. (2009) found that age of harvests significantly affected weights of pods, well filled seeds, and shriveled seeds. A 10-day harvest delay resulted in 14.3% yield increases. Young et al. (1982) pointed out that typical digging losses have been estimated to be 8% of the total yield when the harvest delayed after physiological maturity of pods.
The harvesting time was delayed from 180 DAP to 188 DAP, the pod yield was decreased (7.3%). Sing and Oswalt (1995) reported that delay in harvesting after physiological maturity can result in many pods left in the soil due to weakening of pegs. Young et al. (1982) reported that total pod production continually increased with growth period, but that harvested yield reached a peak and then declined due to increased field losses at the longer period. Court et al. (1984) found that the pod (48.2-79.7%) and kernel (75.4-120.7%) yield increased when the harvest delayed from 2 September to 12 October. Wright and Porter (1991) and (Kaba et al. 2014) further indicated that harvesting peanut too early can reduced yield by 15% and economic value by 21%. Therefore, it is very important to harvest the peanut plant at an appropriate time in order to reduce yield losses. Similar results were supported by findings by Court et al. (1984) , Knauft et al. (1986) , Sattayarak (1997) , Lu et al. (1997) , Rahmianna et al. (2009) and Canavar and Kaynak (2013) .
Oil and Protein Content
The data belonging to oil and protein content at different harvesting times in main cropped peanut production has been presented in Table 6 . As it can be seen from Table 6 , the differences between the harvesting times were not statistically significant for oil and protein content in each two-year. The oil percentage varied between 47. 29-47.72%, 50.02-51.60% and 48.66-49.66% in 2014, 2015 and two-years average, respectively. The average oil content of peanut seed was greater at the first harvesting date than at the subsequent five harvesting dates. The oil percentage was reduced when the harvesting time was delayed. But, it was not statistically significant. The oil content was 45.8% at first harvesting date (September, 1) while it was 47.3% at sixth harvesting date (October, 7) in a two-year average.
The protein percentage varied between 25. 64-24.37% in 2013, 26.15-24.93% in 2014 and 25.89-24 .65% in a two-year average. According to a two-year average, the protein percentage was increased from 25.60% to 25.89% when the harvesting time was delayed from 148 DAP to 156 DAP and then protein percentage decreased from 25.89% to 24.65% as the harvesting was delayed from 156 DAP to 188 DAP (Table 6) . Sattayarak (1997) pointed out that harvesting dates exhibited certain effects on oil and protein contents in peanut. Knauft et al. (1986) reported that oil content decreased when harvesting was delayed. Holaday and Pearson (1974) found that higher temperatures during the last 4 weeks before harvest resulted in higher oil content. Court et al. (1984) utilized five successive digging dates in Ontario ranging from 113 DAP over two years to examine differences in two genotypes. They found that delayed digging, increased oil content. Singh and Oswalt (1995) , Lu et al. (1997) and Canavar and Kaynak (2013) reported that oil and protein content were increased by delaying the harvesting time.
Fatty Acids Composition and Oil Quality
The data belonging to saturated and unsaturated fatty acids content, oleic acid to linoleic acid ratio (O/L) and iodine values (IV) at different harvesting times in main cropped peanut production has been presented in Table 7 and 8. As it can be seen from table 7, the differences between the harvesting times were statistically significant for the palmitic acid, stearic acid and behenic acid percentage, but it was not important for the arachidic acid and lignoceric acid percentage for a two year average. The palmitic acid, stearic acid, behenic acid, arachidic acid and lignoceric acid percentages varied between 9.14-10.06%, 3.01-3.37%, 2.70-2.91%, 1.08-1.14% and 1.54-1.83%, respectively in a two year average (Table 7) . The stearic acid percentage increased when the harvesting date was delayed, but palmitic and lignoceric acids decreased when the harvesting time was delayed.
The oleic acid percentage varied from 51.54% to 54.94% and linoleic acid percentage varied from 24.65% to 26.78% in a two year average (Table 8 ). The differences between the harvesting times were significant for the oleic and linoleic acids percentage in a two year average. While the oleic acid percentage was 51.54% at the harvesting 148 DAP, it increased up to 54.94% at the harvesting 188 DAP. As the harvesting time was delayed, the oleic acid percentage increased. However, the linoleic acid percentage was decreased from 26.78% to 24.65% when the harvesting time was delayed from 148 DAP to 188 DAP in a two year average (Table 8) . As the harvesting time was delayed, the linoleic acid percentage decreased substantially. The oleic acid to linoleic acid ratio (O/L) was increased when the harvesting date delayed. As the O/L ratio was 1.92 at the first harvesting time (148 DAP), it increased up to 2.23 at the sixth harvesting time (188 DAP). The O/L ratio was increased when the seed harvested at the full maturity. According to two years average, the iodine value varied between 87.35 and 90.72.
The iodine value (IV) was decreased when the harvesting time delayed (Table 8) . Andersen and Gorbet (2002) and Chowdhury et al. (2015) reported that the amount of saturated and unsaturated fatty acids in peanut oil varies from 10.92% to 17.47% and from 81.13% to 94.81% respectively. The major fatty acids components are oleic acid, linoleic acid and palmitic acid in peanut oil. Peanut oil is rich in oleic and linoleic acids. Oleic acid content in peanut genotypes can vary from 21% to 85% and linoleic acid from 2% to 43%. Young and Worthington (1974) , Dwivedi et al. (1996) and Isleib et al. (2008) reported that fatty acid composition of peanut seed oil is influenced by varietal and seasonal variation, genotypic variation, air and soil temperature, planting date, soil nutrient, growing conditions and maturity. Andersen and Gorbet (2002) reported that, seed maturity can also influence the fatty acid composition of peanut. In general, oleic acid increases and linoleic acid decrease with seed maturity. Young et al. (1972) found that digging delays tended to give peanut oil with higher stearic and oleic acid and less linoleic acid. This relationship gave higher O/L ratios in later diggings, indicating that the oil from these diggings would be more stable. Knauft et al. (1988) pointed out that early digging of peanuts can be beneficial production practice when disease pressure is sever. Digging delays tended to give peanut oil with higher stearic and oleic acid and less linoleic acid. Bovi (1982) Raheja et al. (1987) and Önemli (2012) reported that there was a negative correlation between oleic acid and linoleic acid.
These results are in agreement with the findings of Young et al. (1972) , Young and Worthington (1974) , Bovi (1982) , Raheja et al. (1987) , Knauft et al. (1988) , Hinds (1995) , Dwivedi et al. (1996) , Andersen and Gorbet (2002) , Isleib et al. (2008) , Önemli (2012) and Chowdhury et al. (2015) .
CONCLUSIONS
The peanut plant has indeterminate growth habit. For this reason, flowering and pod formation continue long time during the growing period. The pod production continually increases with growth period, but the harvested yield reaches a peak and then decline due to increased field losses at the longer period. Therefore, correctly assessing peanut maturity prior to digging is essential to the economic viability of peanut production. At the harvesting time, at least 60% of the pods mesocarp color should be brown or black. The pod number and pod yield plant -1 , shelling percentage, 100-seed weight and pod yield ha -1 were increased when the harvesting time was delayed. It has been found that the optimum harvesting time is the 180 DAP in main cropped peanut production. As the harvesting time was delayed, the oil and protein percentage, linoleic acid percentage and iodine value decreased. However, oleic acid percentage and O/L ratio were increased when the harvesting time was delayed.
